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It is not a trivial task to teach “good” conceptual 
modeling in a structured way. One problem we 
encountered in our previous exploratory studies is the 
predominant reflection of the quality of finished models 
and less of the modeling process itself. As a result, many 
phenomena like the emergence of errors or the 
coordination and collaboration phases in group 
modeling usually get out of focus and are subsequently 
not thoroughly considered in teaching. Thus, we have 
developed a tool-supported timeline method, which 
allows us to review and discuss the collaborative 
development process of models after they have been 
finished or submitted. We evaluated the method and 
employed a variety of tool features in our regular 
undergrad courses. Considering the perspective and 
experiences of teachers and learners alike, we 
discovered that teachers can use our method to better 
analyze strategies and made mistakes when enough time 
to prepare the reflection, even if this increases the time 
distance to the event it is reflected on. Learners were 
motivated to share and reflect on their actions. 
Furthermore, we identified further steps to facilitate our 
reflective modeling teaching method. 
1. Introduction  
The use of conceptual models is an integral part of 
the software engineering process [1]. In addition, it 
helps to define and communicate complex ideas and 
systems [2, 3]. Novel applications and concepts always 
attempt to improve higher education methods in 
software engineering education, and the need for good 
supporting software tools and computer-supported 
collaborative learning (CSCL) benefits are already 
established [4]. 
Over the last years, we conducted exploratory 
studies to test different group-focused methods, 
hardware, and tools in our software engineering and IT-
project management undergrad courses [5]. The taught 
notations are predominantly Unified Modeling 
Language-based techniques [6, 7, 8] like use case 
diagrams or activity diagrams but also include notations 
from adjacent domains like entity-relationship 
diagrams, business process modeling [9], schedule 
modeling (e.g., precedence diagrams) or sociotechnical 
process modeling [10]. These studies allowed us to 
identify three critical requirement areas for improving 
collaborative group modeling exercises: Easy point of 
entry, coordination support, and evaluation support 
[11]. In their literature review on collaborative 
modeling, Renger [12] assessed that much research is 
focused on the quality and complexity of the resulting 
model and less on the participants’ reasoning about their 
modeling decisions and shared understanding of the 
resulting model. 
However, conflicts, compromises and drafts might 
be vital to reflect problems and learnings in coordination 
and collaboration phases. For a necessary reflection of 
modeling process issues such as subsequently fixed 
errors need to be preserved. 
 The SARS-CoV-2 pandemic of 2020 forced many 
learning settings to switch to online and remote formats, 
which imposed additional constraints in evaluating and 
supporting group work tasks. Thus, we have focused our 
implementation and studies on our evaluation support 
method “timeline”. 
The timeline’s basic idea is to preserve the model’s 
creation process by logging snapshots of the various 
development stages and presenting them along a 
timeline. This feature allows teachers and learners to 
browse through a modeling process later. Providing 
intuitive comparison views of these stages should help 
to trigger reflection on errors or decision points. Like 
sportscasts’ slow-motion replays and strategic analysis 
views, this type of presentation and method should help 
identify how mistakes and conflicts arose and were later 
solved. This method can also help to encourage the 
modelers to reflect on choices they have made and the 
shared understanding of their final models.  
Farah and Lethbridge [13] already implemented 
and evaluated a similar approach with a temporal 
exploration of changes made to a software (design) over 





time and whether it could improve the ability to 
reengineer and maintain it quickly. We focused our 
approach on conceptual modeling and the learning 
thereof through reflective learning. The main research 
questions for this paper were: “How can a timeline-
based method for encouraging reflection on 
collaborative modeling be implemented? How well does 
it work in real educational settings, and what are 
limitations and aspects for improvement?” 
We will discuss related work concerning reflective 
learning and conceptual modeling learning research in 
the following section. Afterward, we present our 
developed method and prototype, followed by our two 
study designs for synchronous group work and 
asynchronous homework settings. 
2. Related work 
In the following, we review the different 
approaches and applications for computer-supported 
reflection (Section 2.1) and conceptual modeling 
(Section 2.2) 
2.1. Computer-supported reflection 
Huge benefits from reflective learning are 
researched and identified in different areas including but 
not limited to: computer-supported collaborative work 
(CSCW) in co-located teams [14, 15, 16, 17]; as well as 
in asynchronous online communities [18, 19]; design 
thinking and designing of business models [20, 21]; in 
computer-supported collaborative learning (CSCL) [22, 
23] and (teacher) education [24, 25, 26]. These various 
approaches and concepts are unified in their shared 
insights on the importance of reflective learning and the 
challenge to create effective facilitation for each 
domain’s unique requirements for reflection support.  
Based on core concepts by Schön [27], Lynch and 
Metcalfe [28] distinguish two types of reflection 
processes: Reflection in action happens when action and 
reflection happen almost simultaneously. The user 
draws knowledge from experience to react intuitively, 
while reflection on action covers a retrospective 
consideration of their decisions and consequences. The 
latter can and should be supported in coached teaching 
as much and often as possible. In addition, reflection can 
only arise from subjective experiences and not from 
objective content and should therefore be practiced 
repeatedly [15, 28]. In order to increase the value of 
reflection, it should also move away from an 
introspective endeavor [15] and promote exchange in 
(peer) groups whenever possible. Knipfer et al. [15] 
“consider team reflection to be an iterative cycle of 
individual and joint reflective activity, both of which are 
closely intertwined. Furthermore, (preliminary) 
outcomes are fed back into the reflection process, 
thereby enhancing and enriching an individual’s and a 
team’s understanding of an experience.” 
Therefore, peer observation and feedback methods 
play an important role that teachers and learners should 
be familiarized with early on [25]. 
2.2. Teaching conceptual modeling 
Bork [29] created a framework for teaching 
conceptual modeling in which they defined cognitive 
process and knowledge dimensions for (meta-) 
modeling tasks and mapped these on several courses. 
However, they found that their own tasks lacked 
especially in the metacognitive knowledge dimension 
(strategical thinking, self-knowledge, reflection on 
experiences) and in evaluation tasks (checking and 
critiquing other models) [29] MacCreery and Tenbergen 
[30] addressed the difficulty that conceptual modeling is 
often seen as a by-product in software engineering 
courses and attempted to define quantifiable data on 
conceptual modeling quality. They evaluated the quality 
of student models in three dimensions: syntactic (e.g., 
are correct notational elements used), semantic (e.g., do 
models correspond with the semantic domain of the 
notation), and pragmatic (e.g., is the correct notation 
used for the purpose). While their early modeling phases 
contained many errors in the first two dimensions, the 
pragmatic quality was consistently high showing that a 
shared understanding and communication was possible 
even when the first two dimensions were faulty [30]. 
The initial motivation of students to learn conceptual 
modeling is often low, especially if they are already 
experienced in programming. However, all students use 
the diagram sooner or later as a tool to communicate 
with others [30]. This suggests a need for more 
reflective learning approaches to promote (self-) 
evaluation and communicating skills and practice them 
as early and often as possible. 
Other concepts to improve conceptual modeling 
teaching include inverted classroom concepts that 
encourage students to be more independent and that 
allows for more time for other activities [31]. These 
should foremost be rooted in practical examples close to 
real-world problems [32] and combined with continuous 
feedback [33]. 
3. Timeline concept and tool features  
Although previous works by other researchers 
studied the quality of conceptual modeling and their 
education techniques, they are focused on the results and 
finished models. E.g. MacCreery and Tenbergen [30] 
found not many syntactic errors at the end of their 
studied courses, but they observed that the modeling 
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process itself was riddled with difficulties. Therefore, 
we want to make these processes and struggles more 
visible and, above all, more reflective. 
While building on the experiences of our previous 
exploratory studies [5, 11], we also tried to incorporate 
the primary design considerations to scaffold learner 
reflection by Lin et al. [34]: To support the teachers to 
organize reflective activities the timeline method 
provides options for teachers to manage and prepare 
reflection sessions. To offer opportunities for learners to 
compare their results the timeline feature uses a 
comparison notation and function to compare models 
from different implementation phases. Also, conceptual 
modeling is a sufficiently complex task when used in 
tasks that mirror real-world tasks and case studies. A 
simple use case example for the timeline method is as 
follows: A group or individual creates a conceptual 
model. Using the timeline function the modeler(s) or a 
coach/teacher is able to see essential changes made to 
the model on a timeline. If desired, they can manage the 
snapshots on the timeline and use them to view a 
comparison between different versions of the model, 
highlighting the changes. This is intended to be used by 
groups, individuals, or in educational settings to reflect 
on the modeling and design process. 
3.1. Prototype implementation 
The first timeline concept prototype features were 
implemented as a plugin for an already existing web-
based modeling tool with collaborative features. The 
snapshots are stored on the server-side. Depending on 
the selected replay mode, two snapshots are compared, 
and the derived comparison model is displayed (see fig 
2). One challenge was to find a style for the comparison 
notation that makes the changes between snapshots 
intuitively and easily comprehensible without 
compromising the semantics of the model’s notation. 
Through iterative pretests, we arrived at a comparison 
notation rule set (see table 1).  
 
Table 1. Comparison notation rules 
Change (from A to B) Display-Rule 
Element was added A green frame around the 
element is displayed 
Element was deleted A red frame around the 
element is displayed 
Relation was added The relation is displayed 
green 




The element is displayed 
at the previous position 
with a red frame and at 
the new position with a 
green frame 
Text change The former text is 
displayed in red the new 
text in green. (Due to 
technical constraints 
implemented with 
brackets instead of color)  
 
Another challenge was to determine which actions 
were “snapshot-worthy” with respect to their relevance 
for reflection. During first pretests, the many 
interactions of joint modeling quickly overloaded the 
servers’ capacities (with well over 1000 actions in 15 
minutes). Secondly, the timeline was overcrowded with 
markers that were impossible to distinguish or select 
properly. Therefore, we explored a balance between 
essential actions needed to track relevant changes in the 
model and a manageable number of snapshots. 
In the end, we defined the following actions as 
“snapshot-worthy”: deleting and creating elements and 
Figure 1. Timeline control window with commented snapshot selection 
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relations, changing the label of an element, and re-
embedding an element (an essential part of the used 
modeling tool). In addition, a timer is used to collect all 
changes made in a five-second interval and creating one 
snapshot collecting all changes made in this time per 
snapshot. This way, there is always a gap of at least 5 
seconds between snapshots on the timeline to still be 
easily distinguished and selected while keeping all 
changes retrievable. 
3.2. Comparison view modes 
There are two ways of viewing replays with the 
tool: 1) A-B comparison: For this, the user selects any 
two snapshots from the timeline (marked as A and B, 
see fig. 1). The tool now creates a view that compares 
these two snapshots. Using arrow symbols, the B-
marker can be moved chronologically back and forth 
through the timeline without opening the overview.  
2) Step-By-Step. In this variant, the user just clicks 
on the arrow symbols without selecting a marker first. 
In this view, the comparison is always derived from the 
current and the previous snapshot. The comparing view 
is displayed on the main modeling canvas using the 
comparison rules (see fig. 2).  
3.3. Timeline management 
The timeline can be accessed via a button in the 
upper main toolbar. The Timeline shows all saved 
snapshots of the model as points with their distances on 
the bar in rough relation to the time intervals of their 
creation (see fig. 1) By hovering the cursor over one 
point, its timestamp and comment (if available) are 
displayed. In order to curate the timeline presentation, it 
is possible to delete snapshots from the timeline or label 
them with a comment. 
4. Study design  
We conducted an exploratory study with the 
implemented timeline concept, to find out whether the 
concept is feasible to initiate and support reflection, and 
which factors influence the success of reflection in 
which way. The study was run in two different ways: A 
synchronous group work variant and an asynchronous 
homework variant.  The study design focused on the 
applicability   in traditional university teaching settings 
and on the quality of the feedback made by teachers and 
the students’ understanding of the learning content. in-
depth research questions are described in the respective 
subsections. 
4.1. Task and participants 
Instead of the usual UML diagrams, the precedence 
diagram method (PDM) [35] was used as the modeling 
notation. This method is used to schedule activities or 
tasks throughout a project. Activities are mapped with 
their dependencies and durations on paths for which 
starting/ending dates and slack are calculated. The 
critical path method (CPM) can then be used to identify 
parts of projects which are especially prone to create 
delays. This notation was used because its 
implementation has an unambiguous correct solution 
and thus differences in the creation process of the model 
or errors made in the calculation of values can be more 
easily identified and tracked. 
We adapted an exercise that we have already used 
in previous studies [5] for a co-located group setting for 
synchronous group work. In this exercise the group of 
Figure 2. Comparison view of two model snapshots 
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nine learners is separated into three subgroups of three 
learners. Each subgroup takes on the role of a fictional 
department and receives an individual task sheet 
consisting of five work packages with their 
dependencies and workloads. Now each group models 
the precedence diagram of their department (containing 
5 elements). Finally, they have to calculate and add the 
necessary values to their model and identify the critical 
path. 
Once all three groups have completed their task, 
they come together again. Another task sheet is given to 
the group containing new dependencies intersecting the 
departments’ work packages. The group is asked to 
merge their diagrams from the first task into a single and 
complete precedence diagram (containing 15-17 
elements). Hereby, the positions and relations of 
individual elements change. This also changes many of 
the previously calculated values which must be adjusted 
by the learners in order to find the common critical path. 
For the asynchronous homework variant, the same 
task was used with a small variation: Since the 
homework is done alone and not in a group, the two 
tasks were combined, i.e., the learners received a task 
sheet with all work packages and all intersecting 
dependencies for all three fictional departments right 
away. Only the final model was to be created. 
The learners were computer science students 
recruited from our undergrad software-engineering and 
project management courses. They were treated with an 
inverted classroom learning unit consisting of a learning 
video and an interactive presentation slide about a week 
before the study to familiarize themselves with the 
notation and calculation rules of the elements. At the 
time of the study, the learners had not yet modeled 
precedence diagrams themselves. The participation was 
voluntary and not graded. Participants received 
compensation in form of a fixed sum of extra points for 
their courses upon completing the study regardless of 
results in the study. 
The teachers were research assistants from our 
department with at least two years of experience in 
teaching PDM in said undergrad courses.   
Due to health concerns during the SARS-CoV-2 
pandemic in 2020/2021, all studies took place as remote 
online meetings. learners and teachers communicated 
via a video meeting tool. The synchronous exercise was 
performed two times with a total of 18 individual 
learners. The asynchronous variant was performed four 
times with a total of four individual students. No student 
was allowed to partake in both variants. Three 
individual teachers including the author conducted all 
studies.  
The structure of the learning exercises and the 
qualitative evaluation methods of both variants are 
described below. 
4.2. Synchronous group work variant 
The research questions for this variant were: “How 
can the teacher(s) facilitate a reflection phase with this 
method?” and “How do learners benefit from the 
reflection phase?” 
For this, in contrast to the earlier versions of this 
task, we extended this exercise now with a reflection 
phase instead of a third group task. In this reflection 
phase, the group should discuss difficult situations or 
possible mistakes made during the tasks. The discussion 
should be supported and moderated by an experienced 
(modeling) teacher to stimulate the students’ reflection 
and lead the group to think about ways to improve their 
modeling as well as their collaboration. This can be 
supported by showing the learners the corresponding 
moments from the timeline presentation including the 
highlighted changes made between selected snapshots. 
The learners are also encouraged to browse through the 
timeline to showcase or find specific snapshots they 
want to talk about. 
To facilitate this reflection phase, two teachers with 
distributed roles (group-teacher, reflection-teacher) 
were active in our study. The group-teacher was 
responsible for the tasks, i.e., explaining the exercise, 
handing out the task sheets, and answering the 
participant’s questions. During the two task phases, it 
was the job of the reflection-teacher to observe the 
group processes and to note situations that might be 
important for subsequent discussions based on the 
timeline representation. In the reflection phase, the 
reflection-teacher takes over the moderation of the 
group and uses his notes and marked snapshots in the 
timeline to stimulate the group reflection. During both 
tasks, the group-teacher can also note observed 
situations or errors and can either mark them with the 
timeline tool or send a short message to the reflection-
teacher via a backchannel (e.g. an internal chat) so that 
they can mark it for them. 
In order to evaluate the method, the learners were 
then interviewed about the tasks and the individual 
processing phases. After the learners were dismissed, 
the two teachers were interviewed about the 
opportunities and challenges in applying the method and 
using the tool. 
4.3. Asynchronous homework variant 
The research questions for this variant were: “Can 
the teacher(s) make correct assumptions on the model 
creation process?” and “How does the learner perceive 
the feedback and assumptions?” 
The learners received the task and an individual link 
to the web-based modeling tool via e-mail. In addition, 
they were informed that they had five days to complete 
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the task and would then receive written feedback and a 
questionnaire. 
After the deadline, two teachers met in an online 
video meeting to review the participant’s submission. In 
the first step, they reviewed the final model and wrote a 
short feedback paragraph. On average, this review found 
one or two errors, mainly a mislabeled element or a 
wrong value in the calculated values. 
After this fairly basic homework review, the 
teachers switched to the timeline tool. Now, the teachers 
went through the steps of the model’s creation 
discussing and marking noteworthy moments. Special 
attention was paid to two aspects: a) the general strategy 
used to approach the modeling and calculation tasks by 
the participant and b) finding the moment when the 
mistakes found in the first review were made and what 
might have led to it. From these notes, the teachers then 
generated a second feedback paragraph that included 
tips on avoiding these mistakes in the future. 
The two variants of feedback, as well as excerpts 
from the teachers’ notes, were included in the 
questionnaire sent to the learners. The questionnaire 
used 5-point Likert items and free text fields. In addition 
to questions about prior knowledge of the modeling 
method, understanding of the task, and problems with 
the web tool, the learners were asked to evaluate the 
quality of the feedback. First, the learners were asked to 
describe whether they had made any mistakes in the 
course of the homework that they noticed later and how 
they had proceeded. This was followed by the feedback 
written by the teachers, which were rated in terms of 
their comprehensibility and usefulness. Afterward, the 
learners were confronted with the notes of the teachers 
and asked to reflect and comment on the assumptions 
made by the teachers. In the end, they were asked to rate 
how accurate the assumptions about their general 
strategy and made errors were. In this method, the 
teachers were observed conducting the review and then 
interviewed. 
5. Results and observations  
In the following subsections, results from our study 
variants are presented 
5.1. Results and observations of the 
synchronous variant 
In two cases, a significant coordination problem 
occurred during the merging phases: two or more people 
worked on the same part of the model, resulting in 
duplicate elements without being aware of this 
overlapping of their activities. The group noticed this 
problem later and solved it by coordinating their actions 
from then on out. Other special situations were limited 
to the calculation of the values to be entered into the 
diagram. At this stage, all groups had started to discuss 
a clear division of tasks. Learners who were not 
involved in the calculation intervened whenever their 
group colleagues made a mistake. 
Although these situations led to exciting 
discussions about group work and coordination 
processes, the teachers could not find or present suitable 
situations or snapshots on the timeline tool for the 
addressed cases in time. Especially the A-B comparison 
view was used significantly less than the step-by-step 
view (see 3.2). The teachers stated in the evaluation that 
the workload of the regular exercise supervision and the 
spontaneous parallel preparation of the reflection phase 
was greatly underestimated in the planning. In addition, 
especially the reflection-teachers wished for a longer 
and better familiarization with the use of the tool and a 
better feeling for the kind of comparisons the timeline 
tool generates from the selected snapshots. The step-by-
step view was deemed more intuitive under the given 
conditions. Some learners also indicated that they had 
not paid attention to the displayed comparisons during 
the reflection phase. Thus, it seems that the possibility 
of using the timeline representation for reflection 
support remained below the projected benefits, and 
needs to be further improved. 
Besides whishes made by the participants in regard 
to general usability most desired features to improve the 
method and prototype included a heatmap style 
differentiation of snapshots with different amount of 
changes made and the highlighting of unusual gaps that 
often represent phases where considerations, decisions, 
or discussions took place. 
The learners positively evaluated the synchronous 
group variant and especially the reflection phase in the 
interviews. In particular it was remarked that 
“communication and coordination challenges are often 
ignored in regular exercises” 
5.2. Results and observations of the 
asynchronous variant 
In the asynchronous homework variant, the 
timeline representation was used more in accordance 
with the intentions of its implementation. In this specific 
task, several strategies and their manifestations were 
observed. One significant difference in strategies was 
creating all needed elements before arranging them in a 
sequence vs. modeling the sequence and creating 
elements "just in time" when they had to be inserted into 
the diagram. Other differentiating strategies were 
identified in the order in which the values are calculated 
(left to right was given by the method, but the further 
Page 997
calculation order was sometimes column-wise, row-
wise, or in sequence order). 
By searching for errors in the final model 
beforehand, the teachers’ observations naturally focused 
on finding the origin of the errors. The teachers found 
possibilities for drafting their feedback to be more 
responsive and meaningful regarding finding incorrect 
procedures rather than being limited to simple 
"right/wrong" assessments. Similar to the synchronous 
version, time was the biggest hurdle in implementation. 
The corrections of this minimal modeling task were 
about 90 minutes per participant/homework, well above 
the amount of time an application in a natural learning 
setting would allow. Yet the teachers' noted that it was 
“fascinating how well individual strategies and mistakes 
can be seen”. 
The evaluation of the received feedback, i.e. the 
correctness of the assumptions made by the teachers, 
and of the method itself were very positive in the 
questionnaires (see table 2). All learners gave at least 
one self-description of a mistake made on their own. 
The detailed comments on the assumptions of the 
teachers resulted in an average of 4.5 comments per 
participant. Of these, only a small portion (11%) were 
corrections of a wrong assumption, and a high 
proportion (56%) were an additional reflective comment 
by the participant. I.e., the participants agreed with the 
teacher's observation adding their reasons, connected 
problems, or further considerations (see fig. 3). All in all 
a much more active level of reflective discussion was 
observed between the teachers and learners compared to 
regular homework/review processes. 
 
 
Figure 3. Comment types regarding teacher’s 
assumptions 
The learners rated the method itself with an average 
of 1.5 based on the German grade system (American 
Letter Grade “A”). Qualitative comments were in favor 
of the method, noting in particular that it could be used 
in assigning partial points for solution paths or to make 
cheating more difficult since the teachers will see when 
solutions are directly copied into the diagram. One 
participant described the accuracy of the assumptions 
and the idea of the teacher viewing the whole modeling 
process as "creepy,” expressing the fear that this form of 
reviewing could lead to insecurities, for example, when 
learners with unconventional strategies would be 
punished even when the final solution is correct. 
 
Table 2. Results from the asynchronous variant 
questionnaire 
Item Median Mean 
Comprehensibility of feedback 
(1= Very well comprehensible, 
5= Not at all comprehensible) 
1 1.25 
Correctness of the assumptions 
(1= Very correct, 5= Not at all 
correct) 
1 1.25 
Rating of a modeling homework 
with reflective feedback in school 
grades (1=A, 5=F) 
1.5 1.5 
Rating of analyzing the 
homework’s creation process by 
the teacher in school Grades (1= 
A, 5=F) 
1 1.5 
5.3. Limitations and Discussion 
Unfortunately, the synchronous execution suffered 
some technical problems. Especially in terms of 
usability and stability of the shared web-based modeling 
software, there were some delays and problems with the 
prototype. 
Furthermore, we were only able to recruit a small 
number of participants (n=22) for our studies in the last 
semester. Since we needed nine learners and two 
teachers to implement one synchronous group work 
variant, only one internal pilot test and two runs with 
this variant were carried out. Interested students for 
whom a full group size was not achieved participated in 
the asynchronous homework variant. This small sample 
size prevents a meaningful quantitative evaluation. 
Nevertheless, the qualitative observations and 
interviews with learners and teachers in both study 
variants were very informative and served as a basis for 
further concept ideas and studies.  
Even with our limitations, the comparison of the 
two variants shows that the timeline method in its 
current form can support a reflection on action. 
Strategies, errors in the modeling process and causes of 
errors were successfully identified by the teachers and 
translated into feedback that was rated as helpful by 
learners. On the other hand, learners were also very 
often able to reflect on their reasons, decisions, and 
mistakes in answering the teachers' assumptions. 
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For reflection in action, the current form of the 
method and tool is not yet sufficiently developed. While 
teachers and learners used the Step-By-Step comparison 
view intuitively, the A-B comparison view lacked 
clarity and thus the opportunity for meaningful use in 
action. Especially, the reflection-teachers would have 
needed the time to select and decide on certain snapshots 
from the timeline tool. The learners should also get a 
chance to explore their process independently from the 
teacher with the timeline presentation before the 
reflection phase starts. Because of the continuous 
recording of snapshots, a larger time gap between action 
and reflection [28] should be possible without problems.  
The biggest hurdle of our method in both variants 
was the unsuitable ratio of time expenditure and results. 
While the reflection results are quite promising, they are 
of little use in teaching if they cannot be applied in 
normal teaching settings and timeframes. In the 
synchronous variant, the biggest error was also due to 
our inadequate planning, with both learners and teachers 
attest that a break between the processing of the task and 
the reflection would have helped both groups better 
prepare for the reflection phase. 
6. Conclusion and Outlook  
We created a method and a prototype that can be 
used to view and compare the iterative work on a broad 
range of modeling notations. We suggested two variants 
of application in an educational setting and showed how 
it can support the reflective learning of groups and 
individual learners. All in all, it turns out that the success 
depends on the socio-technical way of how the features 
of the timeline prototype are intertwined with the 
method of how the initiation and support of reflection as 
well as the interplay of the involved roles are organized. 
An encountered problem is the experience required 
by the teacher to moderate the reflection process and to 
identify reflection-worthy moments in the group work. 
Reflections follow paths even if these are not yet clearly 
identified [19]; thus, further research should be done to 
identify the domain-specific reflection paths of 
conceptual modeling. 
One of the clearest benefits of our timeline method 
was the high quality of the assumptions made by the 
teachers about the learners’ behavior in the 
asynchronous homework variant. Furthermore, the 
comprehensiveness of the learners' written reflections 
appears as successful. This verbalization of thoughts on 
the modeling process and one's own mistakes was 
significantly better than expected by teachers compared 
to typical homework tasks.  
Based on our studies, another touch-optimized 
prototype is already being developed, which, in addition 
to the comparing views and snapshots, will provide a 
function for adding additional annotations to snapshots 
in a dialog-based mode. With this feature, we want to 
integrate the text-based reflection from the 
questionnaires of the asynchronous version into the 
timeline presentation itself and allow the learners to use 
the reflection support for peer feedback sessions. 
However, in order to compensate for the most 
prominent shortcomings in the support provided by our 
tool, further research is needed to identify which 
additional features and information the timeline should 
incorporate in order to allow a better reflection in action. 
For example, we encountered the wish to add a heatmap 
mode to the timeline. 
The automated highlighting of potentially more 
interesting moments in the modeling process would be 
a primary goal. That of course needs more insight into 
typical problematic situations or strategies of the 
modeling process. These in turn are better to achieve 
with a reflective analysis of the modeling process the 
timeline method can provide. 
  If through reflective learning and analysis of 
strategies and errors it will be possible to (semi-) 
automate the management and presentation of the 
timeline (e.g. with the additional help of machine 
learning), we could significantly lower the resources 
and time needed for supporting reflective learning of 
conceptual modeling. 
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